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(57) imm] 

CLKb. CLKci^^NANDIilKl 0 5r'^^54l 
ti. ai:^M-^CLKa. CLKd<h*^NOR©Kl 0 3 




(2) 

1 

mfie h ^ > >^ X ^^ CD V - ;^ / F u ^ > 5 *i /c 

cc^ 1 (DWxmmKomi^^mf^L. mriam i ct »:) i>mi.^ 

^<om5W.^^cm%zm2a}m'^nmom^^^±\^. m 
la^ 1 -^^^t^^of^ismmcmmm i cd^^meecd 

'Y>>'^'-^^?&^^t3:|^ 1 cD>'^;i/:^(l-^7&^m:^$n. Buis^ 20 
1 -^^ ^ Tt^^ e^?^#S^c 5m 2 00 ^ 
e)t^m2cD>'^v^;^fi#:^^^ai:^$n. B^^iSm2<7>^>/^'- 
6 ^ # @ CC ^ 5 m 3 CO >f > >' A' - ^ 7&> 6 1 S m 3 CD V ^* 

.'i-:^fi-^?:»^ai;b$ti; m^ism3CDW^>>'^^-^;!^:^6^?^# 

@ CC ^ 5 m 4 CD ^ > >' ^' - ^ 6 4 CD^' ^• ;U m 

Buiem 1 cD^^v^;^fi■^<bBuiem4 cDv^v^x^i-^<h7:^5A;^ 
-ecDffi::^^^l-^:|:f^iaml cD^i'^'^-v'^cDffe^^S 
ccA;b-r5mi cD^S[pi?Si. 

mi lem 2 CD>^ fi-^ i miism 3 cD/ ^* >ru >^ ft-^ i A;^ 30 

^n. '^(omtim^^mum2(o^ ^ ^(omi'mM 

mriB>'s;u;:<ft^^^©r^$ tifc>'>oi/;^Lfi-^>& t <L 
cc. mJiEm.l^D+1'>'^•>'^cDffe:^mffi^miieml cdr^^ 
^^tt^&r^m 1 cD^mi^i. 

CC, fyi^m2CD+-^>'^*i^^CDffe:^m@CCm(iEm2cD^S 40 

m£^^i^'thm2<DmmMmt. ^m^tcmmmi^ 

idi8cD^{4^^[pISSo 
[^?g<Di¥*fflJ^d:l5i^] 
[0 00 1 ] 

m^kmLmn. ^tc^t. v b b ^^^cc^^be v hh^m 

[000 2] 

[a^^cD^fSB] ^1 Hi. fi^3fccDm 1 cD^Sm&^Iel 50 



!}#P^^9 - 2 8 2 8 7 8 

2 

K 1 1 0 0 ^^-riEi?§ar^'5o 

[ 0 0 0 3 ] ^ 1 1 . m 1 CD^EEmfe^^ls] 

K 1 1 0 0 i^p ^m^^f&m^4 0 1 a:, z^'-:; y 
rlOl, 109i. ^^-^^U^Cg. Cp,.Cl. C 
2t. N^i-^oUMOS h ■^>y;^5? (J^T. NMOS 
h^>>>X5?iBS-r) N 1 , N 1 l-'N 1 4<h^iix.r 
C^^o ^^yyr \ out. -r>>'^'-^? 12 1, 12 2^ 
s^. v'^' >^^T 1 0 9ti. 1 2 3. 1 2 4^ 

[ 0 0 0 4 ] >'^'•:; :7 T 1 0 TtCfcl^r. >>'^'- 5? 1 2 

1. i2 2i^tm.m(^cmm^ti. ^^'^^zydicso:>i^y^m 

m^X. ^^:7yr 10 7CD^'>>'^'-^ 1 2 2CDm;^^- K 
^S^^tlTl^^o 1 0 9^*>l^r. >^>>'^'- 

^1 23. 1 2 4tiii:^U^C}g*j!$n, ^i'^'^v'^CpCD 
ffi:)?li@t'i. ^^:^yrl0 9(D^>^'^-^l2 4(Ol^t} 

[0 005] ^U y ^m^^MM^4 0 1 CDtfl:^^- F 
(S. T 1 0 7CD'Y>>'^'-^r 1 2 1 (DAtfy- Fi 

>'<-;':7t 1 0 9CD-^>v^'-^ 1 2 3 CD7C^ ^ - F cb CC^ 

-CNMOS h^>i>XjrN 1 CD^'- hmSCCSg^^nr 
C^^^c +-^>'^*>'5?C pcD— :^m^6i. FAT^NMO 

s h5^>i^>^^N 1 CD Fu-r>ms^Si^$nrc^5o 

[0 0 0 6 ] NMOS F^>5^:^^7N 1 1 , N12i + 
^^^ly^C I tJ:*Oy'V^-^-i^^^:^mm^tl. J- 

Mtmmw^y o Q,\^^mz.y'^}=5'^-^j^zf\^. ^ 

/c. mm(^. NMOS F^>>^X^?N I 3, N14<b=^ 

- FB^^mii^^&V c c i^^JV(^y'^J ^-^-iy^^tl^o 
[0 00 7 ] SI 2t-*. ^ 1 1 (D^a y^m^^fSM^ 
4 0 ICD— ^'C^5»j>d/:t^lx-^>S:^t"[ElSgSr'^ 

CO 00 8 ] S7^#MUr. i^n-y ^^-^^IeIK 
('JV^J^'^i^U-r^r) 4 0 U^, NAND[pi^7 0 1 

^^-^7 0 1—70 7 t^m^Xl^^^ 
[0 00 9 ] NAN 013^7 0 1 :^CD A;tl - F ^ 
^i. ^^^^<-^7 0 7(Dmtfm-^:^^Atf^tl. ^:^(DA 

u--c;UcD<h#. ^?fi#^fi^3S ( i; 

>5^:ti^u-^?) 4 0 Uir§1tfb$n^n^>7m^CL 

z^iyV-^) AO WXy^^mt^tl^Uy ^m^CLK 

[0010] or . m 1 cD^Ema^ESS i i o o 

0 1 iJ^h^ n iJ^^^C L Kti^^^ vy-F\07, 10 9 
tCA:/3^n, +^'V^*>'^Cp. CgCD^(4;^>Wc c 



3 

V c c ( 2 XV c c ) i^^JV^X'lM-^^^ CCD (2 X 
Vcc) l^^)V{iC^EE^tifcmKi)K NMOSh^>i^ 

V p pm?^.y- F^^i. NMOS h^>i^;^^?N 
iCDLtC^fiimEE (V thn) ^igt^ (2xVc c-V 
t h n ) U^)l<DmKf)^^^ti^. 
(0 0 1 1 ] ^1 3ti. 

li/cll2 1 3 0 0 ^^-rSSSSr^ 

[00121^13 ^#ffS . ^2 CD^ffi^fiL^Iil 

s§ 1 3 0 0 ^i. ^1 1 (Dm 1 cD^jEm&^^iHigs 1 1 0 

0CC*5t.ir. NMOS h'^>>^;^^N 1 ^ h y r?*;!/*^:!: 

6v->^m@CDn^ '^P ng^rm{i?&^ex.6ti'So <t 
oT. Vppm^>^-Kti. (2xVcc) U^J\y^^ 
^ P nS^mjE V j v{SCi (2xVcc-Vj v) 

[0 0 14] L-^yO. ilBU^l^ffimEEV t hn cfcO ^> 

p n ^^mj±y j V cD:;^7!)Vi\^ c i/cc?). 2 o^iEmft 

^IhIK I 3 0 0 Si. mi CD^EEmii^lHlSg 110 0 
cfc 0 4>^Sc ^ u--c;l/CD#JEmBE^ V p p y F ^gt^A 

[0 0 1 5 ] S 1 453:. fit*CD^3Cr)^II^{^^^?§ 

1 4 0 o>^r^-r[HiK^r'^^o mi4^mmLx. ms 
(DmKmfiL^M^ 1 4 0 0 . mi 1 com 1 o^^m 

{i^^m 1100 tCfcl^r. ^ C7 ^ ff-^iiSlHl^ 4 

b^^t-^^S^l 4 0 l^^^U/c4>cor^^. 
[0016]S15^i. ^13CD U-<}Vmik\Bl^ 1 4 0 

JU^^K14 0U3:. PMOS h^>e^>^5r 1 5 0 
K 1 0 0 2 <b. NMOS h5>v^X^ i 5 0 3. 1 5 
04i. -<>>'^'-^^ 1 5 0 5<L^ffix."Cl^^„ 
[0 0 1 7 ] PMOS F^>>^X5f 1 5 0 1 , 1 502 
<DS^<Dy-;^mg«. i^^v p pH^itcg^^txT 
C^^. PMOS F^>^:^X^ 1 5 0 ICDFU-^vmg 
ta:. PMOS h5>t^:^5? 1 5 0 2cr)>r-. h^t^ N 
MOS F^Vi^X^ 1 5 0 3CDFU'H'>mgi^g^$ 
^7. PMOS h^>^^;;^^ 1 5 0 2C[) FUW^>^gti. 
PMOS F^>i^;^^ 1 5 0 1 <D^'- Fm@<t. NMO 
S F^>i^;^^ 1 5 0 4<DFU'Y>lig<h^^^5tir 
1^-^)0 NMOS F^>S^;^^ 1 5 0 3. 1 5 04<DV- 

^1 5 0 3 (^>y- h mm (XJi - f i n ) tct^. ^ a 



(3) f#li¥9-2 82 87 8 

4 

':'^fi-^^^E§4 0 i^^6Hi;b^n/c^n ■>>7fi^C 
LK:?!>^A;^$n. NMOS F5>>^X^/ 1 5 0 4CD^'- 
hUgccts. ^:y^^-^^:ffLX^a V ^m^CLKf)^ 
s^$nrA:^^nri^^, pmos h^>t>x37 1 5 

0 2CDFU^>'^@<!:. N MO S F ^ >>^X ^ 1 5 0 4 
(DFU>r>mS<h<DS^y- F (OUT) 

^cg(omyimm(>cmm^tixi>^^ 

[0 0 18] comscowKmiiL^^^Bimi 40 o^j; 

0. :^<i-^CLK(7>jE$s£'d:. (GND-Vcc) 
10 (GND'-Vp p ) JgJpi^itilis^n. 

(D—y^mmo^y-VBcommt. (2xvcc) b--i;L. 

J;0 ^]Sc^u-<;i'Cc^EE$n, NMOS h ■5>5^:^^N 
i(oy- hmmo:>miiL^^±t^^<ox\ utc^fs^i^^cat 

(2xvcc) l^^JUCOMK'^mtA.tmT'r^Ctrj: 

<y ppmmy-Y^(^m^^ti. mi icomico^Km 
fe^iiHiss 1100 I 3 com 2 cD^jE^fi^^K 

1 3 00 j:K>h^ib(fcm^^i^'^)i^<omK^v pi> mm y 

20 - F^C«^-^^ci7!»^pJt^T?^>-^/c. 
[0 0 19] 

[^0.g;&^^{5^bJ:^i-r'5^M] L:^yL^j::^^h. Ml 

1 . 13. 1 4 L/C cfc ^ /cC^jEmfi^^lHlHS^^tf 

-^-^e y -fe^l/CDU^tifflTl^^mz^i^EV c c cb(5lGf!l^ 

i:or. Ji^cD<:tocc. cfcom^Vppu 

[ 0 0 2 0 ] S 1 6 ^^^(om-ELmiiiM^mm^isVi 
^NMOSh^>>?:^^?CD>-FA (FU-^>'^S) i 
^-FB <^'"Fmg) iCD^fiCDtiilisCD-rn^^-r^? 

[0 02 1 ] ^1 6^#Mbr. FB (^'- Fm 
g) c7)^{i:?&rF;:^5^<i:0^mjtc^-™ FA (FU-Y>m 
S) CDm{vi:?>5T:;&^or L^-^rc^-^/cd?). NMOSF^ 
40 >>^y^^Nl. Nl' ^^:t>L/c^^ FUH^>mScom 
e^Wp pm?^.y- FCD^{iJ:*?^®<j:c*9, Vpp^ 

[0 02 2 ] ^/c. +i'>'>*^>^CgCD— (NMO 
Sh^>>^X^Nl. Nl'CD^-FMg) {iXyXJ-y- 

-i^^'mmxh^coui^i^. ^^^^iy'^Cp(o—:f5mm. 

(NMOS F^>>>;^^N 1 . Nl'CD^'-F^S) \t 

yu—T^>^tmxfj:i.>fc^. mn. >-fa. bcc 
^ii^mKi^--<ju<Dm^-^mmm(^m^j:-:>x:i6^. 
50 ^-^'Vi^c p<o^fe?&^^EE$nr7&^6, wc/tccd^^^ucc 



(4) 

5 

m^mc. KA<OU-<;UdW c c u-<;l/J:f) ^ig< 

1 . N 1 ' (oy- hmw cDu--^ii/cfco i>y'' fa (n 

MOS h^>>^>;^N 1 , Nl' (DKU-i'^mS) 
-^^.'b3!)^fi< J^cC^i. NMOS h ^>>>X5? N 1 . Nl' 

[0 02 3 ] :*:^H^&j. ^:i±(oj: '?rj:mm.^.^mm'r 6 

[0 024] 

miAL§^^mm. h^lyZy:^^t. hv>i^X^COy- 
^l <i:D^>iiC^^2C[>^?-/ $>^r\ m 

[0 025] ^^m<Dm^m2 (^cm^m&^^mt. 

- ^ 6 ^ ^# @ &c ^, ^ m 2 CD ^ > ^ ^' - 3? 6 1 i ^ 2 CD 

^^ji^:^m-^i)^ihti^ti. m2(D^>^^-iit^^mm^m 

^^'-^?;!>^6«m4<Dy^•;^;^fi-^75im;b5t^. Hi <D>'^vi. 

X^t-^<!:H4CD^^•>^^Xfi^<h3&5X;fJ$tl. ^CDtB;^^^ 

^H 1 (0=^^^<iy^<om:fi^(^AJir^m 1 cdi&ms 

SSi, ^2(D>'^*>^^::^fl-^<!:^3<D>'^*;^X^l-^^;:»^A;'7^ 40 

^cDUi;^ft#^||2(D+-f /Si^^?(Dffi:?5rm@^A;^ 
•r ^ H 2 CD^e0^ <*: ^ ^ ^ /c ^CDT ^ ^ „ 

[00 2 6 ] mmm3(^i^.^m&^Mmt. m^m 1 

T'^J5^$tl/c>'^*Jl/:^^i#^^<^:^cml CD=1r-t'>'<>'^<Dftk 

yjmm(^m 1 (D^s^E^sy&-r-5m 1 cD^sinssi. 
2 (D^ >'^•>'^^(Dffi:;^ms{cl^ 2 cD^smBE^«$&-r e 



nm^9-2 8 2 8 7 8 
6 

[0 02 7 ] 

[0 02 8] ( 1 ) mmmm 1 . 
e^^ieiK 1 0 o^9ikrM^mx'^^o 

[ 0 0 2 9 ] s 1 ^#MLr . ^E^fe^^lHlK 1 0 0 

1 0 1 NORlHiK 1 0 3 
NANDInlgSl 05<t. TlglSSl 0 7. 109 

=^i'>'^>'^Cp, Cg, CI, C2<h. NMOS h 
^>iPX^Nl. Nl 1 -N 1 4 <b^iix.ri^-$>, 
[0 03 0] U >^:t>'U-^ 1 0 1 NANDIeISS 
lili. 'Y>>'^'-^ 1 1 2- 1 1 7 i^^e^tixr 

[0 03 1] U >^:^-i^U-^ 1 0 1 tC^dC^r. NAN 
DiplKl 1 lCD£li:^;>"Ka:c-Y>>'A'-^ 112-11 

EiNANDiHisgi 1 i<D-yj(DX:by-h'^cmm^tix 

C^^c NANDlDlSSl 1 1 CDflk:^©A:^>'- KCC^i. V 
>y:^>'U-5? 1 0 1 ^mw~r ^fcii><Di^ u ^ :^- 
^L-ft-^C LKE>&^H U'-^^KDi^ 1 0 
l«r£Mfb$tx. L U-'-c/KDi^ y Vi^^^ixU-^ 1 0 

[003 2] y >^':f i^U-^ 1 0 1 CDNANDHISSl 

1 l(Dai:tJ>/- Fa >'^'-^5^ 1 1 7<DtB:^^-Fd 

NORIil^l 0 3CD2oCDA;^>'- FCC-eti-eti 
S^$4iri^^„ ^/c. -Y>>'^'-^l 1 3©^:^}-/- F 
b ^-r>>'^'"-t$^ 1 1 5(Dm;b>'- Fc i&i. NANDIhI 
3§1 0 5(D2-:>cDA;b-'- F^-^ti^tig^^nr 

[0 03 3 ] ^'^-^r'r 1 0 75i. iiJijCcS^$ti/c2 o 
CD^>>'^'-^5? 1 2 1 . 12 2^^-^. >>'^'-'^^ 1 2 1 
(DKtiy- Ft^NORHKl 0 3(DtB:^>'- Fe^^^ 
^tirC^-So >'^*';'VT 1 0 94>^/c. iS^JCCg^^n/c 
2oCD'r>>^^'-^ 1 2 3. 1.2 4^#^.^>^^'-:5^ 1 

2 3CDA;^^- F^NANDIil^l 0 b<Dti^ti^- F f 

[0 03 4] =^^i'>^^->^C gCD— FB-TN 

msti-<>>'^'-:S? 1 2 2cDm;':j^- FccM^^nrc^ 

^/c. ^i'>'^•V^C p(D— FA-CNM 

OS F^>i^x^N 1 (DFu-r >m@ccs^$n. ffe:^r 
^ti-r>>'^'-^ 1 2 4CDffi;ti>- Ftc^M^nrt^ 

[0 035 ] 56iC. ^1 1. 13. 14CDit^ifHl« 
tc, NMOS h^>v^X^N 1 1 . N 1 2 i^-t'^'N'fxd? 

NMOS F^>t;^X^N 1 3. N 1 4<!:4f >'^*>'^^C2 



K B iitmmM{iL\/ c c U^MC V ^ i- - $ -5)0 
[ 0 0 3 6 ] 2 ^1 (OWKMiiL^M^S 1 0 0 CD 

[0 0.3 7 ] ^ 14d<fcaf2^#HSLr. ^n-y^^^- 

[0 03 8 ] ^Mt, VPviy i;■^^~-y^)Vm^CLK 
Ei)^Hiy'^)V^crj:^t. 'J>i7'^>'U-^ 1 0 1 Tt^^ygtt 
fL^n. ^2t(:^-r<i;^^';>^:*->'U-5? 1 0 lp*9<D 
NANDIelSgl 1 lCDai;^ry- Ka;^>^^^S<0>'^•>'UXIl!i 

1 1 3CDai;^7^-* Kb7:>:>6t'3:^D ^ft-^CLKaCD 

A tiin/c^P •;^i?(i-^CLK C7!?5ai:^$n. ^>y'^- 
5? 1 17*^e>ti. e^^fi-^CLK cCDeta:;i?^At3l 

[0 03 9 ] Ka, d ;0^6^n^tiai;^$n/c 

SC^icfirtBcD-rn/ci^nry ^fi#CLKa. CLKd 
{t. NORlEl^l 0 3:cA:^^ti. NORIhISSI 0 3(D 

m;^ ^ n:rcSi ^ cc{4ta(Z)-rnit n ^ ft-^ C L K b , 
CLKcC^:. NAND@?§1 0 5tCA;b^tl. NAND 
]B\^l0 5(Dltit}y-h'f(,at. -^1111X2 (T2> 

T 1 ) ^wr^v^v^xfi■^s f^^iMtj^ti^. 

[0 04 0] CCD>'^';l/X^t^S S f ti, 

7 ) . '^(Dm. >^^Vl/Xfi^S e3&^A^T*^o-C;&^6 (/c<t 
x.tiB#SJJ t . ^fc^ti, ) s f i^^^T^^^ 

[ 0 0 4 1 ] ilE^NVl/Xft^S eti. /^'-y>'Tl0 7^ 
Xfi-^Sf^i. >'^'^ :7 r 1 0 Q^/M^r^^i'v'N-i^^C p 

^'>'^*>'^Cpk:c^:*^^6CCVc c^BE^ti. NMOS h 
^>>?X5?N 1 (DKU^>mSCct3:. Vc c 
(2xVcc) U-^:jU^^E$tl/cmEE?:^5^x.<^n-S. 
[0 04 2]:j>:tC. />'>rU;<m-^S e;:)^ALJb3&^'Si. Vc 

s(fCj:K>^h(^V c c^K^ti. NMOSh^>i^X^ 
N 1 (Oy- hm^OCit. V c c U-^Jbj&^e ( 2 X V c 
c) U-<;l.w:^S$n/c^H?!^^^x.6n5o CtlCC<fc 
0. NMOS h ^>>?>^^N 1 Vpp^^^y 
-KiC(2xVcc) U-^;bc0^ffimE755etjA^^^^ 

[0043] mMcommj i ^^^ei^L-c, >'^*;^xft#s 



(5) T$^^9- 2 8 2 8 7 8 

S 

e^i^^tUiTiJ^^i, NMOS h^>>^X^N 1 C^y- 
m(fC (2xvcc ) u-<;Ui?:)^JE?:?^-^xe)tii^j:< 

NMOS h -^Vv^^^^^^rN 1 Vppm^^>V-K 

( 2 X V c c ) u-<)V(o^E.mj£<Dm-^^mm^ti 

[0 04 4] ^^)l^7.m^S fi)^iLTf)^^t. N 

MO S h >S^;:< N 1 CD F U >mS^(D ( 2 x V c 

[0 04 5] Lfc:^^->X. NMO S h ^>>?X^ N 1 CO 

MOS h^>t^;^^N lcD>r-- h^®6cmS?&5EpjjQ^n 
XNMOS hylyiy:^^N NMOSF'7> 

MOS h^>>^;^^N 1 3!)5^>^ UrT^^eNMOS 

^ N 1 CD K u ^ ymm^(DmE.mK(Dm^^^^±^ 

tl^<DX\ NMOS h ^>'^X^?N 1 :;&5:t>LrCi'5PBl 
P P^i(^.?:)^e)(DmScDj^i^^P;5il:L. S^L/cU-=:^l'Cr> 

COO46]03, 4ti. 01 CD^E^fi^^SS 1 0 

[0 04 7 ] 03^#.^Lr. y^'j^-^-z^M^^mf^ 
■r^NMOS h ^>-^X^N 1 1. N I 2 t^^^^->^ 
Cl^^>f^-h'30 }(,C^ ^fc. y'V^^-z^M^^ 
fil^-r-SNMOS h^>i^X^N 1 3. N14<^:^•^'^^* 
>'5fC2 r 3 0 3{fCm^^fci><DX^K>. 

^V:t-K3 0 1. 3 0 3(DA:ti-^- F£i. V 

(^mm^tixi.^^^ 

[0 04 8 ] ^4^#MLr. y'V^^-iy^m^mf& 
T^NMOS F^>v^X5?N 11. N 1 2 t^-i^^^^i^^ 
C 1 <h^^^W^:t- F^^CDNMOS h^>>^>?;5?N 1 5 
i[/c. :7*y 5^-t.-i^[HlES^^^-r'5NMOS >^> 
v^>^^N13. N 1 4<t+^'>'^•>'^C2<?:^^>f:t- F 
mm^tltcNUOS h^>i^X^?N 1 6^g^x/c^CD 
-C^O. NMOS h^>i^>;i5fN 1 5. N16<7)y-h 

40 m@i>i:cf FU'{>mg^i. i^cc. vccmMtrcmm 

^tl. NMOS F^>i/X^N 1 5CDV-X^g{^^- 
FACC. NMOS F^>>^>^^N 1 6<DV-xmg(^>^ 

- FBK:S^$nro-2>o 

[0 04 9] ^3. 4«:^L/c^Jima^^ISK3 0 

0 . 4 0 0 ti. ji^cDs 1 (DMEEm&^^mm loot 

[0 05 0 ] /c/cb. ^ffm{4^^ffi3 0 0, 40 0 
r-«. ^-FA. Bti. (Vcc-Vthn) U-<jU^ 

50 [0 05 1 ] ^BEMit^^^^ 1 00. 3 00, 
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4 0 0CCfcCir. NORIelggl 0 3tC/^'J^;:^fi-^CLK 
a, CLKdCDKt)^^CC.^^•;l'Xfi-^CLKb, CLKc 
^At}'r^^\ tfclt, NANDlHlFS 1 0 5CCyA';Uy?.fi 
^CLKb. CLK c<Dftt)^?CC/^*;^X^f-^CLKa, 

[ 0 0 5 2 ] ^ 5 :^mm(Dmi^m^M^<Dm^<DB 
m 1 (Dnmism±Mm 5 o o ^^^-0^^-0^-2)0 
[0 05 3 ] nmiiL^^m<om'^i>. mztmmoy^ 

[0 0 5 4] mb^mmLx. ftma^^ipisss 0 0 

ti. SI 0#jEm{4^i@Kl 0 0<?>NMOS h^>i^ 
;^^N 1 ^PMOS h^>5^X^P 1 tc. :7*V9^-^^-i^ 
[hISS^^^T^NMOS h^>S^X^N 1 1 . N12i 
^-t'v'^'v'^C 1 . ^"<fcO\ NMOS h ^>i^X^N 1 
3. N 1 4<t^•^>^^*>-^C2^. PMOSh^>i^X3? 
P 1 1 , P 1 2 t^^^^-^iy^C 1 ' . i>J:C>PMOS h 
^>>^>^^P13. P 1 4^+■<'>'^*S/^?C2' 

^e>ic. > T 1 0 7, 1 0 9^'Y>/^'-^5 0 
1, b0 2(.cm.m^fci><OX$>^. 
CO 0 5 5 ] PMOS h^>i^X^P 1 1 . P12<h + 
^^^z^^Cl' . PMOS h ^>-^::^^P 1 

3, P 1 4<h+i'V^*>'3?C2' CcJ:f3 :7*y ^-^-^/[eIK 

CpklJ:^:) FA' (Dmi^Lif)^GND\y^JV'/)^f^V c c 
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Title of the Invention: Potential Generation Circuit 
CLAIMS: 

1- A potential generation circuit comprising: 
a transistor; 

a first capacitor which has one electrode connected to 
the gate electrode of the transistor; 

a second capacitor which has one electrode connected to 
the source/drain electrode of the transistor; and 

a voltage supplying means for starting the supply of a 
first predetermined voltage to the other electrode of the 
first capacitor with a first timing, starting the supply of 
a second predetermined voltage to the other electrode of the 
second capacitor with a second timing which is slower than 
the first timing, stopping the supply of the second 
predetermined voltage to the other electrode of the second 
capacitor with a third timing which is slower than the 
second timing, and stopping the supply of the first 
pr:edetermined voltage to the other electrode of the first 
capacitor with a fourth timing which is slower than the 
third timing. 

2- The potential generation circuit of Claim 1, 
wherein the voltage supplying means is provided with a ring 
oscillator which has an odd number of inverters connected in 
series, a first pulse signal is output from a first 



inverter, a second pulse signal is output from a second 
inverter which is an odd number from the first inverter, a 
third pulse signal is output from a third inverter which is 
an odd number from the second inverter, and a fourth pulse 
signal is output from a fourth inverter which is an odd 
number from the third inverter; 

a first logic circuit which receives the first pulse 
signal and fourth pulse signal, and outputs the output 
signals to the other electrode of the first capacitor; and 

a second logic circuit which receives the second pulse 
signal and third pulse signal, and outputs the output 
signals to the other electrode of the second capacitor. 

3. The potential generation circuit of Claim 1, 
wherein the voltage supplying means comprises: 

a pulse signal generating means for generating pulse 
signals; 

a first logic circuit for supplying a first 
predetermined voltage to the other electrode of the first 
capacitor based on the pulse signal generated by the pulse 
signal generating means; and 

a second logic circuit for supplying a second 
predetermined voltage to the other electrode of the second 
capacitor based on the pulse signal generated -by the pulse 
signal generating means. 

DETAILED DESCRIPTION OF THE INVENTION 

[0001] [FIELD OF THE INVENTION] The present invention 
relates to a potential generation circuit, and specifically 
relates to booster potential circuit for supplying a boost 
voltage Vpp to a Vpp power supply, and a negative potential 
generation circuit for supplying a negative voltage Vbb to a 
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Vbb power supply. 

[0002] [PRIOR ART] Fig. 11 is a circuit diagram showing 
a conventional first booster potential generation circuit 
1100. 

[0003] Referring to Fig. 11, the first booster 
potential generation circuit 1100 is provided with a clock 
signal generation circuit 401, buffers 107 and 109, 
capacitors Cg, Cp, CI, C2, and N-channel MOS transistors 
(hereinafter referred to as NMOS transistors) Nl, and 
Nll'-N14 . The buffer 107 includes inverters 121 and 122 , and 
the buffer 109 includes inverters 123 and 124. 

[0004] In the buffer 107, the inverters 121 and 122 are 
connected in series, and the other electrode of the 
capacitor Cg is connected to the output node of the inverter 

122 of the buffer 107. In the buffer 109, the inverters 123 
and 124 are connected in series, and the other electrode of 
the capacitor Cp is connected to the output node of the 
inverter 124 of the inverter 109. 

[0005] The output node of the clock signal generation 
circuit 401 is connected to the input node of the inverter 
121 of the buffer 107, and to the input node of the inverter 

123 of the buffer 109. The other electrode of the capacitor 
Cg is connected to the gate electrode of the NMOS transistor 
Nl at node B. The other electrode of the capacitor Cp is 
connected to the drain electrode of the NMOS transistor Nl 
at node A. 

[0006] A precharging circuit is configured by the NMOS 
transistors Nil and N12, and the capacitor CI, and the node 
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A precharges to a power supply potential Vcc level. 
Similarly, a precharging circuit is configured by the NMOS 
transistors N12 and N14, and the capacitor C2, and the node 
B precharges to a power supply Vcc level. 

[0007] Fig. 12 is a circuit diagram showing a ring 
oscillator as an example of the clock signal generation 
circuit 401 of Fig. 11. 

[0008] Referring to Fig. 7, the clock signal generation 
circuit (ring oscillator) 401 is provided with a NAND 
circuit 701, and six inverters 701-707 connected in series 
to the NANAD circuit 701. 

[0009] The output signal of the inverter 107 is input 
to one input node of the NAND circuit 701, and a clock 
enable signal CLKE is input to the other input node. When 
the clock enable signal CLKE is H (logical high) level, the 
clock signal generation circuit (ring oscillator) 401 is 
activated and outputs a clock signal CLK; when the clock 
enable signal CLKE is L (logical low) level, the clock 
signal generation circuit (ring oscillator) 401 is not 
activated and stops outputting the clock signal CLK. 

[0010] Thus, when the first booster potential 
generation circuit 1100 starts operation, a clock signal CLK 
is first input from the clock signal generating circuit 401 
to the buffers 107 and 109, and the potential of the 
capacitors Cp and Cg are boosted to the Vcc level. In this 
way the potentials of the nodes A and B are capacity- 
coupled, and boosted from the respective Vcc levels to 
double Vcc (2 x Vcc) level. The potential which has been 
boosted (2 x Vcc) to this level is supplied to the Vpp power 

4 



supply node through the NMOS transistor Nl. This time, a 
voltage lower than the NMOS transistor Nl threshold voltage 
Vthn (2 X Vcc - Vthn) is supplied to the Vpp power supply 
node . 

[0011] Fig. 13 is a circuit diagram showing a second 
booster potential generation circuit 1300 using a 
conventional triple well structure. 

[0012] Referring to Fig. 13, the second booster 
potential generation circuit 1300 replaces the NMOS 
transistor Nl in the first booster potential generation 
circuit 1100 of Fig. 11 with a triple well structure NMOS 
transistor Nl' . 

[0013] In the triple well structure NMOS transistor 
Nl', since the drain electrode and p-type well are connected 
by the triple well structure, a potential is applied to the 
n+ source electrode from the p-type well at the pn junction. 
Thus, the Vpp power supply node has a lower level pn 
junction voltage Vjv (2 x Vcc-Vjv) than the (2 x Vcc) level. 

[0014] Since the pn junction potential Vjv is less than 
the threshold voltage Vthn, however, the second booster 
potential generation circuit 1300 can supply a high level 
booster voltage at a level higher than that of the first 
booster potential generation circuit 1100 to the Vpp power 
supply node. 

[0015] Fig, 14 is a circuit diagram showing a 
conventional third booster potential generation circuit 
1400. Referring to Fig. 14, the third booster potential 
generation circuit 1400 is configured by having a level 
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conversion circuit 1401 connected between the other 
electrode of the capacitor Cg and the output node of the 
clock signal generation circuit 401 in the first booster 
potential generation circuit 1100 of Fig. 11. 

[0016] Fig. 15 is a circuit diagram showing an example 
of the level conversion circuit 1401 of Fig. 13. Referring 
to Fig. 15, the level conversion circuit 1401 is provided 
with PMOS transistors 1501 and 1002 [sic], NMOS transistors 
1503 and 1504, and inverter 1505. 

[0017] The source electrodes of the PMOS transistors 
1501 and 1502 are both connected to the Vpp power supply. 
The drain electrode of the PMOS transistor 1501 is connected 
to the gate electrode of the PMOS transistor 1502 and the 
drain electrode of the NMOS transistor 1503, and the drain 
electrode of the PMOS transistor 1502 is connected to the 
gate electrode of the PMOS transistor 1501 and the drain 
electrode of the NMOS transistor 1504. The source electrodes 
of the NMOS transistors 1503 and 1504 are both grounded. A 
clock signal CLK output from the clock signal generation 
circuit 401 is input to the gate electrode (input node IN) 
of the NMOS transistor 1503, and the clock signal is 
inverted. by the inverter and input to the gate electrode of 
the NMOS transistor 1504. The node (OUT) connected to the 
drain electrode of the NMOS transistor 1504 is connected to 
the other electrode of the capacitor Cg. 

[0018] The amplitude of the clock signal CLK is 
amplified from amplitude (GND-Vcc) to (GND-Vpp) by the third 
booster potential generation circuit 1400, and boosts the 
potential of the capacitor Cg. Therefore, the threshold 
value does not fall since the potential of the node B of the 
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first electrode of the capacitor Cg is boosted to a higher 
level than (2 x Vcc) , and the potential of the gate 
electrode of the NMOS transistor Nl increases. Then, the (2 
X Vcc) level voltage from the capacitor Cg is supplied to 
the Vpp power supply without reduction, a high level voltage 
can be supplied to the Vpp power supply which is higher than 
the voltages supplied by the first booster potential 
generation circuit 1100 of Fig. 11 and the second booster 
potential generation circuit 1300 of Fig. 13. 

[0019] [PROBLEMS THE INVENTION IS TO SOLVE] When 
considering the low voltage operation of a DRAM including a 
booster potential generation circuit such as shown in Figs. 
11, 13, and 14, a booster potential generation circuit with 
a high boosting efficiency is required so that the memory 
cell threshold value does not decrease the same percentage 
as the power supply voltage Vcc even though the power supply 
voltage decreases. Therefore, as described above, a means 
for decreasing the transistor threshold value was devised to 
derive a higher Vpp level. However, a resultant problem was 
the discrepancy between the timing of the amplification of 
the drain electrode potential of the transistor and the 
timing of the amplification of the gate electrode potential. 

[0020] Fig. 16 is a timing chart showing the 
discrepancy between the timings of the amplification of the 
potentials of the node A (drain electrode) and node B (gate 
electrode) of the NMOS transistor in the conventional 
booster potential generation circuit. 

[0021] Referring to Fig. 16, since the potential of the 
node A (drain electrode) decreased before the potential of 
the node B (gate electrode) decreased, the drain electrode 
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potential became lower than the potential of the Vpp power 
supply node with the NMOS transistors Nl and Nl' remaining 
ON, and a current flowing in the reverse direction from the 
Vpp power supply was a problem. 

[0022] Furthermore, since the first electrode of the 
capacitor Cp (gate electrode of the NMOS transistors Nl and 
Nl' ) is not in a floating state relative to the floating 
state of the first electrode of the capacitor Cg (gate 
electrode of the NMOS transistors Nl and Nl'), the working 
voltage levels of the nodes A and B are normally different 
over time, such that the level of the node A is lower than 
the Vcc level when again returned to the original level, and 
when the level of the node A (drain electrode of the NMOS 
transistors Nl and Nl' ) becomes less than the level of the 
node B (gate electrode of the NMOS transistors Nl and Nl'), 
a problem arises inasmuch as the NMOS transistors Nl and Nl' 
are readily turned ON and there is a current flowing in a 
reverse direction from the Vpp power supply. 

[0023] An object of the present invention is to 
eliminate the previously mentioned problems by providing a 
potential generation circuit capable of suppressing current 
consumption by supplying a stable level potential to a Vpp 
power supply or a Vbb power supply, and preventing a current 
flowing in a reverse direction from the Vpp power supply and 
preventing a current flowing in a reverse direction to the 
Vbb power supply. 

[0024] [MEANS FOR SOLVING THE PROBLEMS] The potential 
generation circuit of Claim 1 of the present invention 
includes a transistor; a first capacitor which has one 
electrode connected to the gate electrode of the transistor; 
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a second capacitor which has one electrode connected to the 
source/drain electrode of the transistor; and a voltage 
supplying means for starting the supply of a first 
predetermined voltage to the other electrode of the first 
capacitor with a first timing, starting the supply of a 
second predetermined voltage to the other electrode of the 
second capacitor with a second timing which is slower than 
the first timing, stopping the supply of the second 
predetermined voltage to the other electrode of the second 
capacitor with a third timing which is slower than the 
second timing, and stopping the supply of the first 
predetermined voltage to the other electrode of the first 
capacitor with a fourth timing which is slower than the 
third timing. 



[0025] The potential generation circuit of Claim 2, 
includes, the potential generation circuit of Claim 1, 
wherein the voltage supplying means is provided with a ring 
oscillator which has an odd number of inverters connected in 
series, a first pulse signal is output from a first 
inverter, a second pulse signal is output from a second 
inverter which is an odd number from the first inverter, a 
third pulse signal is output from a third inverter which is 
an odd number from the second inverter, and a fourth pulse 
signal is output from a fourth inverter which is an odd 
number from the third inverter; a first logic circuit which 
receives the first pulse signal and fourth pulse signal, and 
outputs the output signals to the other electrode of the 
first capacitor; and a second logic circuit which receives 
the second pulse signal and third pulse signal, and outputs 
the output signals to the other electrode of the second 
capacitor. 
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[0026] The potential generation circuit of Claim 3, 
includes, the potential generation circuit of Claim 1, 
wherein the voltage supplying means includes a pulse signal 
generating means for generating pulse signals; a first logic 
circuit for supplying a first predetermined voltage to the 
other electrode of the first capacitor based on the pulse 
signal generated by the pulse signal generating means; and a 
second logic circuit for supplying a second predetermined 
voltage to the other electrode of the second capacitor based 
on the pulse signal generated by the pulse signal generating 
means . 

[0027] [EMBODIMENTS OF THE INVENTION] The embodiments 
of the present invention are described hereinafter with 
reference to the drawings. 

[0028] (1) First Embodiment 

Fig. 1 is a circuit diagram showing the booster 

potential generation circuit 100 of a first embodiment of 

the potential generation circuit of the present invention. 

[0029] Referring to Fig. 1, the booster potential 
generation circuit 100 is provided with a NOR circuit 103, 
NAND circuit 105, buffers 107 and 109, capacitors Cp, Cg, 
CI, and C2, and NMOS transistors Nl, and Nll'-N14. 

[0030] A ring oscillator 101 is further provided with a 
NAND circuit 111, and inverters 112'-117. 

[0031] In the ring oscillator 101, the inverters 
112--117 are connected ion series to the output node a of the 
NAND circuit 111, and the output node d of the inverter 117 
is connected to one input node of the NAND circuit 111. A 
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clock enable signal CLKE for controlling the ring oscillator 
101 is input to the other input node of the NAND circuit 
111. The ring oscillator 101 is activated when the clock 
enable signal CLKE is H level, and the ring oscillator 101 
is deactivated when the clock enable signal CLKE is L level. 

[0032] The output node a of the NAND circuit 111 of the 
ring oscillator 101 and the output node d of the inverter 
117 are respective connected to two input nodes of the NOR 
circuit 103. Furthermore, the output node b of the inverter 
113 and the output node c of the inverter 115 ate 
respectively connected to two input nodes of the NAND 
circuit 105. 

[0033] The buffer 107 includes two inverters 121 and 
122 connected in series, and the input node of the inverter 
121 is connected to the output node e of the NOR circuit 
103. The buffer 109 also includes two inverters 123 and 124 
connected in series, and the input node of the inverter 123 
is connected to the output node f of the NAND circuit 105. 

[0034] One electrode of the capacitor Cg is connected 
to the gate electrode of the NMOS transistor Nl at node B, 
and the other electrode is connected to the output node of 
the inverter 122. Furthermore, one electrode of the 
capacitor Cp is connected to the drain electrode of the NMOS 
transistor Nl at node A, and the other electrode is 
connected to the output node of the inverter 124. 

[0035] Similar to Figs. 11, 13, and 14, a precharging 
circuit is configured by the NMOS transistors Nil and N12, 
and capacitor CI to precharge the node A to the power supply 
Vcc level, and a precharging circuit is configured by the 
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NMOS transistors N13 and N14 and the capacitor C2 to 
precharge the node B to the power supply Vcc level . 

[0036] Fig. 2 is a timing chart showing the operation 
of the booster potential generation circuit 100 of Fig. 1. 

[0037] Referring to Figs. 1 and 2, the clock enable 
signal CLKE is L level unit time tl, and the ring oscillator 
101 is in a standby state. 

[0038] The ring oscillator 101 is activated when the 
clock enable signal CLKE becomes H level at time tl, and a 
clock signal CLKa having a predetermined pulse width is 
output from the output node a of the NAND circuit 111 within 
the ring oscillator 101, as shown in Fig. 2. a clock signal 
CLKb, which has a phase delayed by At from the phase of the 
clock signal CLKa, is output the output node b of the 
inverter 113, a clock signal CLKc, which has a phase delayed 
by At from the phase of the clock signal CLKb, is output 
from the inverter 115, and a clock signal CLKd, which has a 
phase delayed by At from the phase of the clock signal CLKc, 
is output from the inverter 117. 

[0039] The clock signals CLKa and CLKd, which have 
mutually shifted phases and are respectively output from the 
output nodes a and d, are input to the NOR circuit 103, and 
a pulse signal Se which has a pulse width Tl is output from 
the output node e of the NOR circuit 103. On the other hand, 
the clock signals CLKb and CLKc, which have mutually shifted 
phases and are respectively output from the output nodes b 
and c, are input to the NAND circuit 105, and a pulse signal 
Sf which has a pulse width T2 (T2>T1) is output from the 
output node f of the NAND circuit 105. 
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[0040] The pulse signals Se and Sf are repeatedly 
amplified at a timing such that the pulse signal Se rises 
(for example time t3 or t7) after the rise of the pulse 
signal Sf (for example time t2 or t6) ; and thereafter, the 
pulse signal Sf falls (for example time t5 or t9) after the 
fall of the pulse signal Se (for example time t4 or t8). 

[0041] Since the pulse signal Se is applied to the 
other electrode of the capacitor Cg through the buffer 107, 
and the pulse signal Sf is applied to the other electrode of 
the capacitor Cp through the buffer 109, when the pulse 
signal Sf rises, the node A, which has been precharged to 
the Vcc level, receives a further Vcc boost by the 
capacitor Cp, and a voltage that has been boosted from the 
Vcc level to the (2xVcc) level is applied to the drain 
electrode of the NMOS transistor Nl . 

[0042] Then, when the pulse signal Se rises, the node 
B, which has been precharged to Vcc level, receives a 
further Vcc boost by the capacitor Cg, and a voltage that 
has been boosted from the Vcc level to the (2xVcc) level is 
applied to the gate electrode of the NMOS transistor Nl. In 
this way the NMOS transistor Nl is turned ON, and a (2xVcc) 
boosted voltage is supplied to the Vpp power supply node. 

[0043] When a predetermined time Tl has elapsed and the 
pulse Se rises, the (2xVcc) level voltage is not applied to 
the gate electrode of the NMOS transistor Nl, the NMOS 
transistor Nl is turned OFF, and the supply of the (2xVcc) 
level boosted voltage is cutoff to the Vpp power supply 
node . 
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[0044] When the pulse signal Sf falls, the supply of 
the (2xVcc) level boosted voltage is stopped to the drain 
electrode of the NMOS transistor Nl . 

[0045] Accordingly, since the NMOS is turned ON when 
the voltage is applied to the gate electrode of the NMOS 
transistor Nl after the boosted voltage is started to the 
drain electrode of the NMOS transistor Nl, and since the 
boosted voltage is topped to the drain electrode of the NMOS 
transistor Nl after voltage is stopped to the gate electrode 
of the NMOS transistor Nl and the NMOS transistor Nl is 
turned OFF, during the time the NKOS transistor Nl is ON a 
boosted voltage is normally applied to the Vpp power supply 
node, and reverse flowing current from the Vpp power supply 
node is prevented, thereby providing a potential generation 
circuit which is capable of suppressing current consumption 
by supplying a stable level potential to the Vpp power 
supply - 

[0046] Figs. 3 and 4 are circuit diagrams showing other 
examples of a precharging circuit in the booster potential 
generation circuit 100 of Fig. 1. 

[0047] Referring to Fig. 3, a diode 301 replaces the 
NMOS transistors Nil and N12 and capacitor CI forming a 
precharging circuit, and a diode 303 replaces the NMOS 
transistors N13 and N14 and capacitor C2 forming a 
precharging circuit; the input nodes of the diodes 301 and 
303 are both connected to a Vcc power supply, and the output 
node of the diode 301 is connected to the node A, and the 
output node of the diode 303 is connected to the node B. 

[0048] Referring to Fig. 4, the NMOS transistors Nil 
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and N12 and capacitor CI forming the precharging circuit are 
replaced by a diode-connected NMOS transistor N15, and the 
NMOS transistors N13 and N14 and capacitor C2 forming the 
precharging circuit are replaced by a diode-connected NMOS 
transistor N16; the gate electrode and drain electrode of 
the NMOS transistors N15 and N16 are both connected to a Vcc 
power supply, and the source electrode of the NMOS 
transistor N15 is connected to the node A, and the source 
electrode of the NMOS transistor N16 is connected to the 
node B- 

[0049] The booster potential generation circuits 300 
and 400 shown in Figs. 3 and 4 operate the same as the 
booster potential generation circuit 100 shown in Fig. 1, 
and provide the same effect. 

[0050] In the booster potential generation circuits 300 
and 400, the nodes A and B are only boosted to (Vcc-Vthn) 
level . 

[0051] In the booster potential generation circuits 
100, 300 and 400, pulse signals CLKb and . CLK c are input to 
the NOR circuit 103 rather than the pulse signals CLK a and 
CLK d, or the pulse signals CLKa and CLKd are input to the 
NAND circuit 105 rather than the pulse signals CLKb and 
CLKc, such that pulse signals identical to the pulse signals 
Se and Sf of Fig. 2 are generated, and similar effect is 
obtained. 

[0052] Fig. 5 is a circuit diagram showing a first 
embodiment of the negative potential generation circuit 500 
of the potential generation circuit of the present 
invention . 
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[0053] In the case of a negative potential generation 
circuit is also possible to supply a negative voltage to the 
Vbb power supply node by a pulse signal similar to Fig. 2. 

[0054] Referring to Fig. 5, the negative potential 
generation circuit 500 replaces the NMOS transistor Nl of 
the booster potential generation circuit 100 of Fig. 1 with 
a PMOS transistor PI; replaces the NMOS transistors Nil and 
N12 and capacitor CI, and the NMOS transistors N13 and N14 
and capacitor C2, forming the prechargers with PMOS 
transistors Pll and P12 and capacitor CI' , and PMOS 
transistors P13 and P14 and capacitor C2' ; and replaces the 
buffers 107 and 109 with inverters 501 and 502. 

[0055] Precharging circuits are formed by the PMOS 
transistors Pll and P12 and the capacitor CI' , and the PMOS 
transistors P13 and P14 and the capacitor C2' , and the nodes 
A' and B' are respectively precharged to a -Vcc level. 

[0056] According to the same timing chart of Fig. 2, 
when the pulse signal Sf level falls, the potential of the 
node A' is boosted fr om the GND level to the Vcc level by 
the capacitor Cp, and. the -Vcc level negative voltage is 
supplied to the drain electrode of the NMOS [sic] transistor 
PI- Then, when the pulse signal Se level falls, the 
potential of the node B' is boosted from the GND level to 
the Vcc level by the capacitor Cg, and the -Vcc level 
negative voltage is supplied to the gate electrode of the 
PMOS transistor PI. In this way the PMOS transistor PI is 
turned ON, and a -Vcc level negative voltage is supplied to 
the Vbb power supply node. 
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[0057] Subsequently, when the pulse signal Se level 
rises after a certain predetermined time has elapsed, the - 
Vcc level voltage is not applied to the gate electrode of 
the PIMOS transistor PI, such that the PMOS transistor PI is 
turned OFF, and the supply of the -Vcc level negative 
voltage is cutoff to the Vbb power supply node. Then, when 
the pulse signal Sf level rises, the supply of the Vcc level 
negative voltage is stopped to the drain electrode of the 
PMOS transistor PI. 

[0058] Accordingly, a potential generation circuit is 
provided which is capable of suppressing current consumption 
by preventing current from flowing in the reverse direction 
to the Vbb power supply, and supplying a stable level 
potential to the Vbb power supply. 

[00 59] (2) Second Embodiment 

Fig. 6 is a circuit diagram showing a booster potential 
generation circuit of a second embodiment of the potential 
generation circuit of the present invention . 

[0060] Referring to Fig. 6, the booster potential 
generation circuit 600 is provided with a clock signal 
generation circuit 401, inverters 602--605, NOR circuit 103, 
NAND circuit 105, buffers 107 and 109, NMOS transistors Nl 
and N11--N14, and capacitors Cp, Cg, CI, and C2 . 

[0061] The clock signal generation circuit 401 can use 
the ring oscillator shown in Fig. 7. 

[0062] The output node of the clock signal generation 
circuit 401 is connected to one input node of the NOR 
circuit 103, one input node of the NAND circuit 105, and the 
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input nodes of the inverter 602 and 604 . The inverter 603 is 
connected in series with the inverter 602, and the output 
node of the inverter 602 is connected to the other input 
node of the NOR circuit 103. The inverter 605 is connected 
in series with the inverter 604, and the output node of the 
inverter 605 is connected to the other input node of the 
NAND circuit 105. 

[0063] Since the connection, relationships among the 
various other elements is identical to those of the booster 
potential generation circuit 100 of Fig. 1, further 
description is therefore omitted. 

[0064] Fig. 7 is a timing chart showing the operation 
of the booster potential generation circuit 600 of Fig. 6. 

[0065] Referring to Fig. 7, a cloclc signal CLK output 
from the clock signal generation circuit 401 is input to one 
input node of the NOR circuit 103 and one input node of the 
NAND circuit 105. The clock signal CLK is also input to the 
other input node of the NOR circuit 103 through the 
inverters 602 and 603 after a delay of time At, and is input 
to the other input node of the NAND circuit 105 through the 
inverters 604 and 605 after a delay of time At '(delay CLK of 
Fig. 6) . 

[0066] After the clock signal CLK and delay clock 
signal delay CLK, a pulse signal Se' is output from the NOR 
circuit 103, and a pulse signal Sf is output from the NAND 
circuit 105- 

[0067] Each of the single pulse signals Se' and Sf 
correspond to the pulse signals Se and Sf of the first 
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embodiment, and the booster potential generation circuit 600 
operates with the same timing as described in the first 
embodiment by means of these pulse signals Se' and Sf ' . 

[0068] That is, when the pulse signal Sf rises, a (2 x 
Vcc) level booster voltage is supplied to the drain 
electrode of the NMOS transistor Nl in response thereto; and 
then when the pulse signal Se' rises, a (2x Vcc) level 
booster voltage is supplied to the gate electrode of the 
NMOS transistor Nl in response thereto, such that the NMOS 
transistor Nl is turned ON, and a (2 x Vcc) booster voltage 
is supplied to the Vpp power supply node. Then, when the 
pulse signal Se' falls after a predetermined time has 
elapsed, the (2 x Vcc) level voltage is not applied to the 
gate electrode of the NMOS transistor Nl in response 
thereto, such that the NMOS transistor Nl is turned OFF and 
the supply of the (2 x Vcc) level booster voltage is cutoff 
to the Vpp power supply node. Finally, when' the pulse signal 
Sf falls, the supply of the (2x Vcc) level booster voltage 
is stopped to the drain electrode of the NMOS transistor Nl 
in response thereto. 

[0069] Accordingly, a potential generation circuit is 
provided which is capable of suppressing current consumption 
by preventing current from flowing in the reverse direction 
to the Vbb power supply, and supplying a stable level 
potential to the Vbb power supply. 

[0070] Figs. 8 and 9 are circuit diagrams showing other 
examples of a precharging circuit in the booster potential 
generation circuit 600 of Fig. 6. 

[0071] Referring to Fig. 8, the booster potential 
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generation circuit 800 provides a Vcc power supply-connected 
diode 301 is connected to the node A, and a Vcc power 
supply-connected diode 303 is connected to the node B. 

[0072] Referring to Fig, 9, the booster potential 
generation circuit 900 rearranges the diodes 301 and 303 of 
Fig. 8 with NMOS transistors N15 and N16 connected to the 
diodes . 

[0073] The booster potential generation circuits 800 
and 900 produce the same effect as the booster potential 
generation circuit 600 of Fig. 6. 

[0074] In the booster potential generation circuits 800 
and 900, the nodes A and B are only boosted to the (Vcc- 
Vthn) level, respectively. 

[0075] Fig. 10 is a circuit diagram showing a negative 
potential generation circuit 1000 of a second embodiment of 
the potential generation circuit of the present invention. 

[0076] Referring to Fig. 10 the negative potential 
generation circuit 1000 replaces the NMOS transistors Nl, 
Nll'-N14,. and capacitors CI and C2 of the booster potential 
generation circuit 600 of Fig. 6 with PMOS transistors PI, 
P11-P14, and capacitors CI' and C2'. 

[0077] Precharging circuits are formed by the PMOS 
transistors Pll- and P12 and the capacitor CI', and the PMOS 
transistors P13 and P14 and the capacitor C2', and the nodes 
A' and B' respectively precharged to the -Vcc level. 

[0078] With a timing identical to the timing chart of 
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Fig. If the capacitor Cp boosts the potential of the node A' 
from GND level to the Vcc level and a -Vcc level negative 
voltage is supplied to the drain electrode of the PMOS 
transistor PI. Then, the capacitor Cg boosts the potential 
of the node B' from GND level to the Vcc kevel and a -Vcc 
level negative voltage is supplied to the gate electrode of 
the PMOS transistor PI. In this way the PMOS transistor PI 
is turned ON, and a -Vcc level negative voltage is applied 
to the Vbb power supply node. 

[0079] Subsequently, after a certain predetermined time 
has elapsed, the -Vcc level voltage is not supplied to the 
gate electrode of the PMOS transistor PI, the PMOS 
transistor PI is turned OFF, and the supply of the -Vcc 
negative voltage is cutoff to the Vbb power supply node. 
Then, the supply of the -Vcc negative voltage is stopped to 
the drain electrode of the PMOS transistor PI. 

[0080] Accordingly, a potential generation circuit is 
provided which is capable of suppressing current consumption 
by preventing current from flowing in the reverse direction 
to the Vbb power supply, and supplying a stable level 
potential to the Vbb power supply. 

[0081] [EFFECT OF THE INVENTION] The potential 
generation circuit of the present invention suppresses 
current consumption by preventing current from flowing in 
the reverse direction from the Vpp power supply or flowing 
in a reverse direction to the Vbb power supply, and supplies 
a stable level potential to the Vpp power supply or Vbb 
power supply - 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
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Fig. 1 is a circuit diagram showing a booster potential 
generation circuit of a first embodiment of the potential 
generation circuit of the present invention; 

Fig. 2 is a timing chart showing the operation of the 
booster potential generation circuit of Fig. 1; 

Fig. 3 is a' circuit diagram showing an example of a 
precharging circuit in the booster potential generation 
circuit of Fig. 1; 

Fig. 4 is a circuit diagram showing another example of 
a precharging circuit in the booster potential generation 
circuit of Fig. 1; . 

Fig. 5 is a circuit diagram showing a negative 
potential generation circuit of a first embodiment of the 
potential generation circuit of the present invention; 

Fig. 6 is a circuit diagram showing a booster potential 
generation circuit of a second embodiment of the potential 
generation circuit of the present invention; 

Fig. 7 is a timing chart showing the operation of the 
booster potential generation circuit of Fig. 6; 

Fig. 8 is a circuit, diagram showing another example of 
a precharging circuit in the booster potential generation 
circuit of Fig. 6; 

Fig. 9 is a circuit diagram showing another example of 
a precharging circuit in the booster potential generation 
circuit of Fig . 6; 

Fig. 10 is a circuit diagram showing a negative 
potential generation circuit of a second embodiment of the 
potential generation circuit of the present invention; 

Fig. 11 is a circuit diagram showing a first 
conventional booster potential generation circuit; 

Fig. 12 is a circuit diagram showing an example of the 
clock signal generation circuit 401 of Fig. 11; 

Fig. 13 is a circuit diagram showing a second booster 
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potential generation circuit using a conventional triple 

well structured- 
Fig. 14 is a circuit diagram showing a third 

conventional booster potential generation circuit; 

Fig. 15 is a circuit diagram showing an example of the 

level conversion circuit 901 of Fig. 14; and 

Fig. 16 is a timing chart showing the shift in the 

phase amplitude between the gate electrode and drain 

electrode of the NMOS transistor, in the conventional booster 

potential generation circuit. 

[DESCRIPTION OF THE REFERENCE NUMBERS] 

100, 300, 400, 600, 800, 900) Booster potential 
generation circuit 

500, 1000) Negative potential generation circuit 

Nl) NMOS transistor 

PI) PMOS transistor 

Cp, Cg) Capacitor 

101) Ring oscillator 

112-117, 602-605) Inverter 

103) NOR circuit 

105, 111) NAND circuit 

401) Clock signal generation circuit 
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